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Experimental Foundations of The Use of Medium Base Content
Glass Fiber Reinforced Plastic Materials in Ship Building

ZhangQ. Jian Dian and Ju, Zhen
National Jian Ru Building Material
Zhen, Guo You, Ni, and Bu Yu
ShiangHai Staip Transportatiorn Research Institute

Before 19772, the regulations of major ship building
rourtiries required the use of E glass fiber (with base
conteant less  than 1W) in ship building. Recently (198%) ,
some of these countries ctopped clearly specifving the
requiremente. Since <so far there 15 no such requirements of
the use of glass fiber in ship building in this country, the
vee off E aglzse inm ehip building was followed. However, this
courntty has been producing large quantities of glass fibers
with medium tase content, {the total gquantity has reached
0% of the total glass fiber produced), and the quality 1is
similar to the C glass fiber used internationally. Due to
the abtundant supply of the raw materials and the lower
m=lting/fabrication temperatures, the price of these glass
fibers is lower than the base-free glass fibers by 407 and
the total cost for ship building {(ship body) is lowered by
15-20%,

The glass fiber cloth with medium base content, which coste
less than base-free glass fiber cloth, has undergone many
dry, wet comparicon tests and the reinforced plastic
material made with different glass fibers has undergone
extended period boiling water, sea water immersion, extended
boiling sea water destructive tests and many mechanical
strength tests. Large quantities of test results have shown
that the medium base level glass steel treated with
reinforcing type immersion agent is not just better than the
resir—free bace-free glass fiber, required by the ship
Euildding regulstions, in water resistance capability, the
mechanical strength, elastic modules also meet the
claszificeation requirements set by major ship classification
societies; thus provided the experimental evidence of the
possibility of ship building using this material.

1. INTRODUCTION

In many countries, the fiber and its product used in
reinforcing glass steel materials is the so called E glass:
or namely base-free glass. In this country, the reinforcing
material used 1in glass steel was medium base content (about
90%) glass fiber.[11] Its properties was similar to the C
glass.

To adept medium base glass fiber as the reinforcing
material for glass steel 1is something unique 1in this
country. In other countries, the C glass was used as the
penetration resistant resin layer of the glass steel or the
surfarce material used to improve the outlook of the products
of C glass. Early in the 60’s in this country, the medium
base level glass fiber was produced indigenously. The fiber
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dig rot céntain boron: the supply of raw material wac

abundant; t he cost  was less: the melting/fabrication
temperature was lower: and the properties of these glass
fibers met the requirements for other manufacturing

processee such as knitting and threading. The cloth made of
trhese fibere tieated witrs the same immercs:2n reinforcing
agent (811) cost less than the cloth made with base-free
fiber b, 40%.0121

Among  the major s=hip building countries (USA, USSF, Japan,
U and France), (14, 15, 17] it was clearly required that
reinforced glace fibher used 1n ship building should be made
of bocrorn =si1licate E glass (with lese than 1% of base) by
LTh, U and France. The USSR s 1978 regulation [131 did rot
clezvrly specify., mnor did Japan’s 1985 regulation. [18]1 If
this ccuntry would specify medium base content glase fiber
to be wused in ekip building., there must be large gquantities
of enserimental datz as the supporting evidence . Howe-ver,
this would no doubt be a major contribution to the ship
building industry of the waorld.

The strength of the material used for glass steel ship
buildings the mediur base content cloth made of giass fiber
treated with B1l1 reinforcing immersion agent, was higher
than the cloth made of resin—-free, coupling agent-free, 711
base-free fiber. In thie wav, the disadvantages of Ilower
strength (14%) 111 of the medium base content fiber than
the base-free fiber could be overcome. OFf course, the
strerngth of the base-free glase fiber treated with 811
immersion agent (with coupling agent) was also very high
and, therefore, was used ag a comparison in this paper.

In this country, the medium base content fiber was used in
water recistant products such as cooling tower body, cooling
tower fan blade, corrosion engineering of water dam (about
10000m=) and in the automobile industry.. Since the materials for
ship building a&also have to be water resistant., the water
v2zistance capability of this material was tested and also
the possibility of using this material in ship building was
investigated.

I1. TESTS CONDUCTED BY GLASS FIBER INDUSTRY

During prolonged immersion of the ship body 'in the sea water,
water molecules penetrate into the material through the
fiber surface. Thie will cause the failure 1in coupling
between the substrate and the fiber, even induce the failure
of the substrate and degradation of the strength of the
glass steel. According to this service condition, the
following tests were performed: wet strength test after 2
hours water boiling; destructive test of property change
after prolonged water boiling; property test after prolonged
immersion in sea water; and destructive test of property
change after prolonged sea water boiling.

Currently, an internationally popular index of strength is
the wet strength after 2 hours water boiling. For this
reason, a more extznded test program was carried out under
this category including: tensile strength; elastic modules
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in tzmeile tect; hending strength; elastic modules in
bending test: comprecssive strength: elastic mcdules 1in
compressive testy impact strength: and shear strength 1in
between lavers.

The teste mentioned above were carried out by the glass
fiber and glaze csteel industries. They have done a more
elaborate comczrison of different immersion agents  &and
different glass fibers. An example of the contents of the
glase fibers wsed 'n these tests 1is shown in table 1. The

discussicrn of varicus test results are as follows:

1. Water Resisting Capability of Medium Base Content Glass
Fiber Cloth Without Immersion Agent Treatment

According to test estandard, the strength variation was
obtained by testing, in short term and prolonged water
boiling test, cloths of dimension 25x100mm. After the wet
strength of 2 hours water boiling was obtained, the cloth
was boiled again until the fiber lost its strength (about
I60 hours). From figure 1, it can be seen that there is a
crossover of the curves at approximately 100 hours and after
this period the tensile strength of the medium base content
cloth was better than that of the base-free cloth. In the
earlier periods: before boiling and 10 hours after boiling,
the tensile etrength of the medium base content cloth was
lower than that of the base—-free cloth by about 147%.

2. Water Resisting Capability of Medium Base Fiber Glass
Steel

The strengthe of glass steels made from the base-free fiber
cloth treated with 811 immersion agent and medium base fiber
clotth were tested by aprolonged (48 hours) water boiling
tecst. The properties of the glass steel made of 711 base-
free fiber used crigimally in ship building were used as a
comparison and the bending strength wae used as an inde:.
From figure 2, the strength of medium base 811 was inferior
to that of the base—free 811 but superior to that of the
base-free 711.

When immersed in the sea water at room temperature, the
strength of the glass steel reinforced by medium base cloth
was not degraded after 90 hours (both 811 and 711 immersion
agents). However, the retaining ratio of the glass steel
reinforced by 711 base-free cloth dropped to about &0%, as
shown in figure 3.

Evernn more critical is the property test after prolonged
boiling in sea water. This is a destructive test with both
the effects of high temperature and chlorine ion. The test
temperature of 100°C already exceeded the service temperature
of polyester resin. The test results showed that the
properties of medium base 811 were better. All these three
materials showed plateau after boiled in sea water for
extended periods and the retaining ratio of the glass steel
reinforced by 811 medium base content cloth was higher than
the other two, as shown in figure 4.
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3. Wet Strength of Glass Steel Reinforced by Short-Cut Glass
Fiber Blanket

Qhort —cut glazs fiber blanket can be made of C glass. In
thie country, this type of material has been in production
for more than T yeare. Inm the glass steel made of thic
metericsl, the fibers in the resin substrate are shorter,
dizcontinunuz, and therefore are much more effective 1n
improving water resisting capability. The Japanese standard
requires that the retaining ratio be no less than 84%. In
fact, the retaining ratios for the glass steel made of short
cut medium baze or base-free blankets are better than thies
reguirement, as shown in table 2.

4, Various Wet Strengths of the Medium Base Glass Steel

Usimg the method of testing wet strength after 2 hours
water boiling, the S various strengths (B indices) of the
knitting products of medium base 811, base-free 811, and
base~-free 711 were tested and the resultes are shown in table

-

From table I, the absolute values of the 8 indices of
medium base 811 glasse <steel are inferior to those of the
base-¥free 811, but the retaining ratios of most categories
are better than base—-free 811 and most of these parameters
are better than those of the base-free 711. For this reason,
the glass fiber and glass steel industries concluded that
the water resisting capability aof 811 medium base cloth is
better and the wet strengths of various properties are
better than the base~free 711 originally wused 1in ship
building.

111. EVIDENCE FROM FOREIGN RESEARCHES AND SHIP BUILDING
PLANTS

The recsults sited above were confirmed by the glass fiber
arnd glass steel research 1institutes in ShiangHai, Beijing,
NarJing, ChiangJu. and Harbin 2, 3, 4, 5, 7, 18]. To test
the properties more extensively and to amplify its influence
abroad, the medium base content glass fiber was sent to the
United States of America for an independent test by an
Americar company with its own resin. Table 4 shows the
results from that compeny. Even though the absolute values
of the results in some categories fell short of the indices
of that company, the retaining ratio of the bending strength
and the elastic modules reached the requirement.

In order to spread its influence in the ship building
industry, the author also performed some tests in ShiangJdu
Ship Building Company at the Jujiang atrea and the JiangXin
Ship Building Company along the Changjiang. Table 5 shows
the results of medium base cloth and base-free cloth tested
in these places. The results showed that, based on either
absolute values or retaining ratios, the medium base 811
cloth is better than the base-free 711 cloth originally used
in ship building.

Similarly, tests with an aim to confirm the applicability
of the glass steel reinforced with short—-cut medium base

'y




glass fiber and base-free fiber blankets were alsa performed
in these two companies. The results showed that the
strength, wet strength and its retaining ratios are better,
as shown in table 6.

IV. APPLICATION IN ACTUAL SHIP BUILDING

Take, Ffor examole, a fishing boat with the largest
dimersiorn [?]. The 18.9m shrimp catching boat designed and
built in 198% by JianJdJiang Fishing Boat Company hac the
majorr dimensions as follows:

length 18.48m

width 4.48m '
distance between two poles 16.87m

depth 2.00m

average depth immersed in water 1.48m

capacity &t full load 96.8t

speed at full load 9 knots

main engine power F9.3kW (135 hp)
sailing district type 11 sea area
weight (including fuel) 4.5t

After a year and a half of sailing, two boats were examined
in July,1987. The material used by these boats was medium
bace content fiber treated with 711 agent (CWR400R711).
These boate passed the examination since the dry and wet
strengths of the glase steel satisfied the safety design
requirements.

Since the building material of these boats was glass steel,
the fuel consumption was 18% lese than wooden boats and

it was much faster, In fishing seasons, these boats could
sail ahead of other boats and, therefore, the profite gained
was more than other boats. The similar and improved models

of these boates were already built in four ship building
companies [10737,

V. DISCUSSION OF MECHANISMS

From the crossover of the curves in figure 1, it is clear
that the long term water resisting capability of the medium
base content glass fiber is better than that of the base-
free glass fiber. As indicated in figure 2, the dry strength
of medium base 811 glass steel was lower than the base-free
811, but the difference became smaller as the boiling time
became longer. This benefit of the medium base glass fiber
is no doubt very attractive to its users. From figure 3, it
can be seen that the water resisting capability of medium
base glass steel after 90 hours of immersion in sea water at
room temperature is superior to the glass steel

reinforced by base-free glass steel.

These properties of medium base glaes fiber should have a
common internal reason. Reference 2 presented a preliminary
discussion of this point.




Urder conditions of prolonged immersion in water, Si0 on
the suwrface of glass fiber forms new bridges or new bonds
with meighboring clusters. The N&aSi conternt in medium base
glase fiber is somewhat higher, and the opportunity for Si-
0-Gi bridging is higher. On the surface of base-free glass
fiber, RDA(BO~) and Si0; will easily separate and form two
bimds of glass vich in B0z and Si0n. Therefore, after water
immersion for an extended period., the superiocrity of medium
glase fiber begins to emerge.

VI. R QONCLUSIDNS

Tn —eeﬁht?y, the advancement of medium base glass fiber
is somewhat faster and the products of medium base glass
fiber occcupy a significant portion. The strength of new type
medium base glases fiber is lower than the base-free glass
fiber. However, due to the application of reinforcing
immersion agent, the knitting products anmd glase fibers made
of this material behave satisfactorily in water resisting
capability, ever better than the resin-free, base-free glass
fiber used originally in ship building. Currently, most ship
building regulations reguire the use of £ glass, We have
showrn the possibility of using the products of C glass
fibere in ship building by large amount of experimental
data. This should be a major contribution to the worldwide
ship building industry and should create a prevailing
genvironment in wsing indigenous glass fiber products in
large quantities and for exporting products of glass steel.
Due to the fact that the price of medium base glass fiber
treated with reinforcing immersion agent is lower than that
of the base-free product by 40%, the cost of ship body can
be lowersd by 15-20% correcspondingly. In ¢this manner, the
applicebility of glass steel ship can be Nldened.\<Q(ﬂLDQ[‘Q3'
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Tavle 1. Fiber glass composition used in tests [5] (%).
$i0, | ALO, | Fe,0p | Ca0 | MO | B0, | Nayo | k.0
Base Free 56.3¢ | 1475 0.42 | 16.39 te6 | 8.4 082 | ot
Glass Fiber
Medium Base !
2 L. | . Y . . 1.35 - .
Glass Fibper ! 66.19 T 0.24 9.96 3 11.13 0.62
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Table 2.
mlass steel (1%1 resin).

50

60 70 80

90
(hours)

Eending strength of glass steel
sen water iImmersion at room temperature.

Sending strength of short-cut glass fiber blanket

Glass Fiter

Bending Strength

Content
Name (%) Dry/2 hrs water| retainine ratic
boiling (MPa) (%)
Japanese Standard
JIS R3411-197% 3045 >125/ »>105 84
255 plant short-cut
glass steel 30 190/180 85
i
253 plant short-cut
Fluce cteel 30 170/160 9y
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Fig. 4 Bending strength of gless steel after long term
boiiins In sea water.
Table - Vet strensth of medium base and base free glass
steels :fter treated with 711 or 811 ismersion agents.

B Medi
K Firer | o.usasenl C.3¢ asesn 0.36 ¢ umSll
‘:g;"“-\\\ Free Free Base
resin -
reet ay - (% %
Category l
Qu::Sity i retaining | a taini retalning
| orsfuer ratic (’? ry/wet ::t;on ng<’> dry/wet ratic ¢
Strengtr, Mis 217/158 55.6 ‘] 3187286 5.1 CFEYAIT) 9.5
Bendi i
Moduios x1¢ mra | yasero] o vissnas| 1w 1.35/1.07 19.3
Strength MFa 3077218 80.1 $50/344 Tk 2M6/271 100.4
T il ,
Modulus x1° MPa 1.86/1.18 | 85.8 1.70/1.48 | 81.1 1.43/1.24 $6.7
Strength Pra 105/67.2 4.0 200/168 TN 193/173 92.7
Comprefs‘vih o
Modulus x1C@ MPa 1.40/0.86 61.1 1.56/1.26 10.8 1.52/1.12 73.7
Impact Strengtr Jsemt | 21.2/24.71 1165 32.6/33.9 | 104.0 35.0/29.8 85.1
Snear Strength MFa 20.7/18.2 1 79.3 37.8/32.5 86.0 37.7/34.8 91.8

10




Table 4. Test results of 611 immersion agent treated glass
steel performed by an American company.

= | Bendirg Strength Bending Modulus
Compression Froducts ’ S (Mia: - (x10* MPa) Tensile Strength (MFa
L= n v
; — O T RS etalining
| B2 |dry/wet retaining dry/wet retaining| dry/we- T ragio‘b
87 atio ratio (%)
+ "rLZL (%)
1
me conpany nsices  longitude 92/422 ’ 1 1.34/1.12! 5 318/281 ! 90
w 0% Glass C '
s Content | iruge $22/358 85 1.28/1.05 l 85 ‘ 253/225 | 90

l .
255 Plant Base Free 811 1(,,lgmm,}:es.z/aat.9 $5.8 | 1.59/1.88

Cloth with Glass Contert) . iv.,44554.7/525.0 94.3 ' 1.74/1.78

104 312.8/265.0 ' 84.7
Seoih it o ) 102 454.1/409.8  90.2
153 Plant Medlur Base T .. . N14.1/369.1] 89.1 1.53/1.48 | 96.4 {312.8/264.3% 84.1
rontent of B2 onereuafiat.6/an8.1 | 199 | 1.62/180 ) 9.4 20,0215 | 338

i

Note: Wet state is &after 2 hours water boiling with 1050-5 resin.

Table 5. Ship bullding company test results - comparison of
base reee and mediurm base cloth reinforced glass steels.

T

-+
Impact Strength 2

drv/wet ratio (%)

T [
§x8¢%fiv‘f Tensile Strength Oy (MPa) Bending Strength op (Mius (unnotched) (J/cm™)
o4 DfT retaining
fiber retaining | 4ry/yet ratio (%) dry/ wt | retaining

ratiq (%, —

Comparison
Group

Brand Immersion 1 t1an
Agent [ Jul'lang Coangjiang | Jujlang ﬁangj iang Jujlang | Changjiang

EWR 400 R811 (3597557  991374/338 90/355/282  79290/233 80, 25/24 96 l 22/23 105
I | EWR {06 R711 {285/251 88.249/203 8ﬂ265/128 52@30/119 52 15/16 107 15/15 100

CWR 400 R811 |384/350  91330/304  92473/431 91251/233 93 20/24 89| 20/22 76
EWR 600 R811 316/303  96261/234  83251/184 71255/177 69 31/31 100  33/36 109
CWR 600 R811 356/353 99290/268 92319/318 992(5/235 96 28/25 89 . 36/38 106
EWRM00RS11UAT620/580  84)548/481  88719/504  70653/380 50;42/43 100 36/39 108,
CWRI0ORE11UA1E38/614  95,501/462  92857/696  81532/536 1017/50 88 28/25 98

Note: 8 layers, 189 resin, wet strength tested after 2 hours
water boiling.
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Table 6.

free and medium base cloth reinforced glass steels.

Ship buillding company test results - comnariscn of tase

v mensi e Bending Impact .

s Streneth o, (MPa’ Strength o,.(MPa} Strength (J/cm®)
- T taing tainin
fo ot | e ressinng | o/ TREHE | am e T

ing Ficer — .
§° t eine ) Juliang LChangjiang Jujiang [Changjlang Jujliang [Changilarg
EM 300 124/125 10184/11 85/226/190 84|l30/95 73]13/14 108' 1/8 14
I CM 300 146/132  90[97/99 102[211/165 83?138/113 8313/10° 7 9/9 100
i EM 450 175/171  98l102/91  89l259/223 851171/172 10117/15 88 12/11 92
| CM 50 125/118  94/92/97  105[185/182 ﬂ]l“/l.‘ﬂ 95(17/15 88 11/10 91
| EM 50 fl33/139 105/109/106  97)211/184  87)142/159 112/13/13 100" 12/12 100
(immeorted)
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